, the central, secondary-amine, N atom is protonated. The bis[(pyridin-2-yl)methyl]ammonium and ammonium cations both lie across a twofold rotation axis. The dihedral angles between the planes of the pyridine rings is 68. 43 (8) . In the crystal, N-HÁ Á ÁN and N-HÁ Á ÁCl hydrogen bonds link the components of the structure, forming a two-dimensional network parallel to (010). In addition, weak C-HÁ Á ÁCl hydrogen bonds exist within the two-dimensional network.
Related literature
For background to atom-transfer radical addition reactions, see: Eckenhoff & Pintauer (2010) ; Kharasch et al. (1945) ; Iqbal et al. (1994) ; Braunecker & Matyjaszewski (2007) ; Matyjaszewski et al. (2001) ; Tang et al. (2008) . For the synthesis, see: Carvalho et al. (2006) . For related structures, see : Junk et al. (2006) . Table 1 Hydrogen-bond geometry (Å , ). Symmetry codes: (i) Àx þ 2; Ày þ 2; z; (ii) Àx þ 1; Ày þ 2; z À 1; (iii) Àx þ 2; Ày þ 2; z À 1; (iv) x; y; z À 1. Atom transfer Radical Addition (ATRA) reactions involve the formation of carbon-carbon bonds through the addition of saturated poly-halogenated hydrocarbons to alkenes (Eckenhoff & Pintauer, 2010) . First reported by Kharasch in the 1940s (Kharasch et al., 1945) , the reaction incorporates halogen group functionalities within products; which can then be used as starting reagents in further functionalization reactions (Iqbal et al., 1994) . Subsequently, ATRA has emerged as some of the most atom economical methods for simultaneously forming C-C and C-X bonds; leading to the production of more attractive molecules with well-defined compositions, architectures, and functionalities (Braunecker & Matyjaszewski , 2007) . Structural studies suggest that the type of ligand used in atom transfer radical reactions significantly influence the behavior of catalyst generated due to different steric and electronic interactions with the metal center (Matyjaszewski et al., 2001) . Copper complexes made with tetradentate nitrogen-based ligands such as 1,4,8,11-
, and bis(2-pyridylmethyl) amine (BPMA) are currently some of the most active multidentate structures used in atom transfer radical reactions (Tang et al., 2008) . Given the significance of these ligands, we present the crystal structure of a protonated bis(2-pyridylmethyl)amine (BPMA) salt.
S2. Structural commentary
The molecular structure of the title compound is shown in Fig 1. The bis[(pyridin-2-yl)methyl]ammonium and ammonium cations both lie across a twofold rotation axis. The dihedral angles between the pyridine rings is 68.43 (8)°. This is in contrast to the values of the dihedral anlges in bis(2-pyridylmethyl)ammonium bromide and bis(2-pyridylmethyl)ammonium iodide (Junk et al., 2006) which are 38.47 (13) and 5.17 (9)°, respectively. In the crystal, N-H···N and N-H···Cl hydrogen bonds link the components of the structure forming a two-dimensional network parallel to (010) (Fig. 2) . In addition, weak C-H···Cl hydrogen bonds exist within the two-dimensional network.
S3. Synthesis and crystallization
Bis(2-pyridylmethyl)amine salt (BPMA) was synthesized and purified following literature procedures (Carvalho et al., 2006) and the reaction scheme is shown in Fig. 3 . A 500 mL round bottom flask was filled with 100 mL of methanol then 2-pyridinecarboxaldehyde (8.90 mL, 94.0 mmol) added. The flask was placed in an ice bath to cool with the solution mixing. After 15 minutes, 2-pyridylmethylamine (9.70 mL, 94.0 mmol) was added to give a dull yellow colored solution.
Flask was removed from ice bath and mixture allowed to react at room temperature for 1 hour to give a red colored solution. The flask was placed back in an ice bath and sodium borohydride (3.500 g, 94.0 mmol) was added in small amounts to prevent foaming. After this addition, the flask was removed from the ice bath and the mixture left to stir overnight. Concentrated hydrochloric acid was added to the mixture drop-wise until a pH of 4 was attained producing an orange mixture. An extraction was performed on the mixture in a separatory funnel with dichloromethane until the for X-Ray analysis were obtained from slow cooling of BPMA ligand in the refrigerator.
S4. Refinement
All H atoms, except for those of the ammonium cation, were placed in calculated positions and refined in a riding-model approximation, with C-H = 0.95 -0.99 Å, N-H = 0.91 Å and U iso (H) = 1.2U eq (C,N). The two unique H atoms of the ammonium cation were refined indpendently with isotropic displacement parameters.
Figure 1
The molecular structure, shown with 50% probability ellipsoids for non-H atoms and circles of arbitrary size for H atoms Part of the crystal structure with hydrogen bonds shown as dashed lines.
Ammonium bis[(pyridin-2-yl)methyl]ammonium dichloride
Crystal data Symmetry codes: (i) −x+2, −y+2, z; (ii) −x+1, −y+2, z−1; (iii) −x+2, −y+2, z−1; (iv) x, y, z−1.
